The numerous methods for calculating the potential or reference evapotranspiration (ETo or ETP) almost always do for a 24-hour period, including values of climatic parameters throughout the nocturnal period (daily averages). These results have a nil effect on transpiration, constituting the main evaporative demand process in cases of localized irrigation. The aim of the current manuscript was to come up with a model rather simplified for the calculation of diurnal daily ETo. It deals with an alternative approach based on the theoretical background of the Penman method without having to consider values of aerodynamic conductance of latent and sensible heat fluxes, as well as data of wind speed and relative humidity of the air. The comparison between the diurnal values of ETo measured in weighing lysimeters with elevated precision and estimated by either the Penman-Monteith method or the Simplified-Penman approach in study also points out a fairly consistent agreement among the potential demand calculation criteria. The SimplifiedPenman approach was a feasible alternative to estimate ETo under the local meteorological conditions of two field trials. With the availability of the input data required, such a method could be employed in other climatic regions for scheduling irrigation.
INTRODUCTION
The estimate of water consumption by the crops plays a crucial role on the agricultural planning, mainly for irrigation scheduling assuring maximum yields and better quality with environmental protection. Therefore, in order to predict either when to initiate irrigation or how much water to apply throughout a complete crop growing cycle, crop evapotranspiration (ETc) is expected to be determined at a given site. THORNTHWAITE & HOLZMAN (1944) defined potential or reference evapotranspiration (ETo) as the water used by a uniform, actively growing, full-cover grass sward (Paspalum notatum L.) or alfalfa (Medicago sativa L.) canopy with an unrestricted water supply grown at an area sufficiently large to minimize the oasis effect.
Thus, with regard to the values of the aforementioned environmental variable, BERNARDO (1995) reports that reference evapotranspiration (ETo) might be obtained by both direct and indirect estimation methods. Direct methods are those that make use of lysimeters and provide the highest accuracy for its determination, require installation of experimental plots in the field, control of soil moisture and a methodological procedure to assess the input and output of water in large areas.
However, according to MENDONÇA et al. (2003) , such methods due to its high costs have their use restricted to research institutions and are usually utilized for regional calibration of indirect methods.
A simplified estimation method to calculate the potential evapotranspiration was developed based on the Penman approach, considering only the diurnal values of evapotranspiration rates that are more representative of the water vapor transfer process to the atmosphere for a given agricultural ecosystem. In addition, the classical expression of the Bowen ratio (β) was modified herein by considering the sensible heat flux (H) emergent from the evaporative surface in conjunction with the air turbulent flux, which transports also latent heat flux (LE). Such procedure results in a similarity between the aerodynamic resistances of sensible heat and latent heat fluxes so as to allow for a considerable simplification without impairing the estimates, as conspicuously shown by the results present in this paper.
MATERIAL AND METHODS
The present work was developed in Piracicaba, State of São Paulo, Brazil (22 o 42'30''S, longitude of 47 o 30'00''W, and altitude of 576 m) using diurnal daily mean meteorological data, collected from experiments carried out by MAGGIOTTO (1996) and PEREIRA (1998) . The input data were: air temperature ( o C), relative humidity (%), wind speed at two meters high (m s -1 ), net radiation (MJ m -2 day -1 ), soil sensible heat flux (MJ m -2 day -1 ).
For the proposed method in this study, it was assumed that on any vegetated surface the leaves receiving short wave radiation density flux (exposed directly to the sun), as long as water restrictions never occur, will be subjected to the following conditions in compliance with net radiation (Rn), which can be also determined by estimate equations proposed by PEREIRA et al. (1998) , during the diurnal period (considering leaf temperature roughly equal to air temperature): PENMAN (1948) adopted the concept denominated Bowen ratio (β) (BOWEN, 1926) , taking into consideration air sensible heat (H), latent heat (λE) and soil sensible heat (G) fluxes from the net radiation (Rn) over a vegetated surface with no water supply restrictions. Considering that the eventual energy storages (S) are negligible one may write:
Thus, substituting (2) in (1) results in:
With the incidence of Rn over the leaf and assuming that its temperature corresponding to T' equal to Ta, and given to the fact that sensible heat gains due to storage variations regarding the turbulent fluxes of latent heat (LE) and sensible heat (H) are negligible, LE and H might be expressed by the following equations:
Where : To define β in the proposed model it was assumed that for a well-watered leaf, λE and H are equally conditioned by the turbulent transport of wet air as a function of the temperature difference (Ta -T') and deficit of air saturation pressure (es -e). By replacing 4 and 5 into 2, the similarity between both leaf and air aerodynamic resistances (ra v and ra H ) allows the proposition of the following modified β ratio:
By supposing Ca ≅ Cv and computing the psychometric coefficient (γ) using:
and substituting 7 into 6, one will have:
By considering now the classical psychometric equation defined by:
where: e -actual vapor pressure of the atmospheric air (kPa), and es' -saturation vapor pressure at wet bulb temperature (kPa).
And replacing 9 into 8 and canceling out the identical terms one will obtain:
As recommended by PENMAN (1948) , the value of S, corresponding to the tangent to water vapor saturation pressure (es) curve at the point of daily mean air temperature, is given by the following expression:
By substituting 11 in 10 one will have:
PENMAN (1948) defined the adjustment factor of the net radiation (ω) as follows:
With ω − = γ + γ 1 S which replaced into 12 results in a new concept for β, defined as:
By substituting 14 into 3 and considering the latent heat of vaporization λ = 2.45 MJ kg -1 one will have:
Needless to mention that during the evaporation or transpiration, as well as evapotranspiration processes throughout the entire diurnal period, the diurnal mean values of Ta were considered to define ω, which might be seen in Table 1 for different local altitudes.
Thus, given λ = 2.45 MJ kg -1 and by substituting it into15, E will be given by:
where: E -evapotranspiration from the wet surface (mm day -1 ) during the sunshine period; G -heat flux in the soil (MJ m -2 day -1 ) during the diurnal period; Rn -diurnal net radiation at a vegetated surface (MJ m -2 day -1 ), and ω -tangent of water the vapor saturation pressure curve at the point of diurnal daily mean air temperature (Ta). depicts a new way of using the radiant energy balance for estimation of evaporation or transpiration of systems that behave in accordance with conditions established here (presence of sensible and latent heat turbulent fluxes at surfaces not subjected to water stress). The described method will from now be referred to as the Simplified-Penman approach and will always be applied to surfaces throughout the periods in which Rn is positive and greater than zero.
RESULTS AND DISCUSSION
The diurnal values of meteorological data concerning the experiment conducted by MAGGIOTTO (1996) and PEREIRA (1998), as well those of potential evapotranspiration (ETo) estimated by the Penman-Monteith method and measured by weighing lysimeters with high accurate load cells were used to plot the graphs shown in Figures 1 and 2 , respectively.
The statistical analysis based on a linear regression study applied to observed and calculated ETo rates, reveals the feasibility of the proposed methodology for the site in study, whose accuracy is confirmed by high coefficients of determination (greater than 0.92) and also by an extremely small dispersion of the data around the fitted 1:1 line (Figure 1) . When comparing both methods, the proposed approach against Penman method and lysimetric measurements it was possible to observe that the standard errors were, respectively, 0.247 mm day -1 and 0.4367 mm day -1 . Another set of data collected by PEREIRA (1998) was used to reinforce the excellency of the SimplifiedPenman approach for the same site.
The comparison between the diurnal daily values of ETo measured in high accurate weighting lysimeters and estimated by both Penman-Monteith method and by the SimplifiedPenman approach also points out a fairly consistent agreement with the potential demand calculation criteria -a fact that can be statistically confirmed by coefficients of determination greater than 0.88, as well as by a small dispersion of the data around the 45 degree line (Figure 2 ).
The Simplified-Penman approach produced a satisfactory performance at the site where these field trials were conducted, with a high degree of accuracy for estimating daytime potential evapotranspiration (under conditions of Rn positive and different from zero). The coefficients of determination and correlation indicate the degree of accuracy but do not reveal the precision of the model (PEREIRA et al., 2003) . It is possible to verify by means of the Figures 1 and 2 that both accuracy, given by the trend line, and precision demonstrated by the dispersion of the data around the fitted 1:1 line, were excellent in this study.
All the theoretical background involved in the Penman-Monteith method to calculate ETo is well established and, therefore, the method could be used with a satellite-linked network of automated agricultural weather stations to provide information for irrigation scheduling at the farmer level. Its limitation in practical terms is, however, related to a large number of environmental variables that are necessary to determine ETo either by the Penman-Monteith method or the classical Bowen ratio-energy balance approach. Furthermore, the lack of automatic weather station systems available to monitor the atmospheric parameters in many developing countries justifies the use of alternative methods for determining ETo as a function of fewer measured parameters. Mainly if the result has a precision comparable to standard methods, such as lysimetric measurements or Penman-Monteith estimates (PEREIRA et al., 2004) .
(A) (B) (C)
Further investigations should be carried out to examine the performance of the SimplifiedPenman approach at other sites, particularly those under very dry conditions, where the sustainability of agriculture with environmental protection will only be possible with irrigation and under considerable advection of energy in wet regions.
CONCLUSIONS
The Simplified-Penman approach as a feasible alternative to evaluate standard reference evapotranspiration. Under the local meteorological conditions of two field experiments conducted at the same site, the proposed method produced estimates accurate to those obtained by the classical Penman-Monteith method. In addition, the Simplified-Penman approach had the added advantage of simplifying ETo calculation.
When compared to potential demand measurements obtained with weighting lysimeters, the Simplified-Penman approach showed a high statistical accuracy and precision, expressed by coefficients of determination greater than 0.92 and by an extremely small dispersion of the data around the 45 o line. Therefore, given the availability of the input data required, it could be employed in other climatic regions to provide evapotranspiration estimates for irrigation scheduling. Agriculture, 1944. p. 4-11 (Technical Bulletin, 817-B) .
